of the spectral traces of the appropriate spikes, then, the inverse transform of this spectral record would be the ideally focused record in X-T.
tions. In fact, practical experience has been very encouraging. The absence of the need for an X-T mute, the reduced spectral moveout at high frequency, and the independence of focusing on event time produces broadband, shallow data with good velocity directivity. Migrations of the spectral stack time section have shown substantial improvement in shallow data resolution, fault definition, and event truncation. The effects of non-zero phase data and other characteristics of the method are illustrated by synthetics. A number of spectral stacks of actual data and their migrations are shown. The subject presented in this paper is a wave theoretical approach to preprocessing CMP data from complicated geologic situations. By means of wave field extrapolation of CMP data, nonhyperbolic moveout curves are transformed into hyperbolic ones. The proposed process is called "velocity replacement" (VR), since an inhomogeneous overburden is replaced by a homogeneous velocity medium. After VR, conventional techniques can be applied such as interval velocity determination and CMP data stack. It will be shown with the aid of examples, that the quality of the results of conventional techniques after VR is considerably better than before VR.
Preprocessing of Nonhyperbolic

Introduction
Most conventional prestack processing techniques are based on this hyperbolic assumption: The traveltime/offset relation for CMP data, being described by an infinite MacLauren series, is approximated by two terms only. This approximation is rather accurate in case of plane layered systems, even in the presence of dips. In layered systems with curved interfaces, only very small offsets and/or small velocity variations are allowed. As a solution for complicated configurations, the system can be made homogeneous by a wave-theory based velocity replacement (VR) technique. After application, the traveltime/offset relation can be described again by two terms only, without assuming serious restrictions on offsets and/or velocity variations. In this paper we assume 2-D subsurface configurations. We may conclude that application of velocity analysis after the first VR step yields a new, improved estimate of the interval velocity of layer N. This value can be used as a more accurate replacement velocity for the next VR step. The process can be repeated, which means cN is determined iteratively. Generally, application of two or three iteration steps per layer yields sufficient accuracy, although we must remark that significant improvement of the accuracy already occurs after one iteration step.
Application of VR: Elimination of near-surface anomalies
Apart from interval velocity estimation, VR can be used to solve the static correction problem in a dynamic way. In marine as well as in land data, nonhyperbolic moveout curves often occur as a result of near-surface anomalies. These anomalies are caused by a low velocity surface layer (seawater, weathered earth layer, etc.) limited by a curved interface (seabottom, base of weathered layer, irregular topography). Application of velocity replacement is a wavetheoretical approach to the correction of near-surface anomalies. By replacing the irregular low velocity layer by a new layer (velocity of which corresponds to the velocity in the next layer), the near-surface anomalies will be eliminated correctly. We show this by comparing some important properties of the CMP data before and after VR. Consider the configuration shown in Figure 2a . This configuration represents a seawater layer (velocity cl = 1500 m/set) overlying horizontally layered sediments. The seabottom is represented by the first, curved interface.
The CMP data shown in Figure 2b were generated by modeling. The fourth moveout curve after NMO-correction is shown in Figure 2c , together with the stacked trace. The interval velocities were calculated according to Dix' s relation. The results are shown in Table 1 .
Apparently the hyperbolic assumption for moveout curves 2, 3, and 4 is too crude in case of curved near-surface anomalies. By means of wave field extrapolation on the CMP data, velocity in the first layer (cl = 1500 mlsec) is replaced by velocity in the second layer (Q = 3000 mlsec). The transformed CMP data are shown in Figure 2d . The same calculations as before VR are applied to the transformed CMP data. The results are shown in Table 1 . The fourth moveout curve after NMO-correction is shown in Figure 2e , together with the stacked trace. From these results, we may make the following observations: (1) Coherence of the NMO-corrected traces after VR is high, (2) quality of the stacked trace is very good, and (3) accuracy of the interval velocities increased significantly. Obviously, the nonhyperbolic moveout curves have been transformed into hyperbolic ones.
Conclusions
By means of a wave-theory based velocity replacement technique, nonhyperbolic moveout curves in CMP data can be transformed into hyperbolic ones. The effect of VR has been shown with the aid of an example with synthetic data. From this example we may conclude (1) application of conventional velocity analysis after VR may yield significantly more accurate interval velocities than velocity determination on the original data; and (2) quality of the CMPdata stack may be significantly improved by VR.
